from the limbs of amphibia and other small animals presents several problems. Rigidly positioned electrodes are unsatisfactory if the limbs are to be allowed to move freely. On the other hand, electrodes that are implanted in the muscle (1, 2, 7) are usually impractical also because: a) the mass of tissue is often too small to anchor them; b) their insertion may damage a very small muscle; and c) they are difficult to insert and, consequently, are not adapted to making recordings from several different sites in sequence, Because of the muscles' small size, bipolar electrodes are necessary if one wishes to record selectively the activity in a single muscle or part of a muscle. The electrode described here was designed to fill these requirements and has proven highly satisfactory. It has the additional virtue of being inexpensive, requiring no special equipment for its manufacture, and it is relatively easy to prepare.
The electrode, Fig. 1 , consists of two silver plates lying side by side, mounted on an insulating substrate, and connected to the preamplifier by a pair of extremely fine insulated wires. Its overall dimensions, wires excluded, are roughly 1.5 mm x 2 mm. The electrode is sufficiently light (5-10 mg) and the wires sufficiently flexible that, when placed on the damp surface of a skinned muscle, it will adhere by capillarity. This adhesion proved suficient to maintain the electrode in place in spite of vigorous movement and so it permitted stable, distortion-free recordings from muscles in actively moving limbs. The large surface area presented by the silver plates provides an impedance of a few hundred ohms and a low noise level. PREPARATION 
OF ELECTRODES
Cut a number of 30-cm lengths of enameled copper wire 25 pm in diameter (50-gauge magnet wire insulated with type HF Formvar, General Electric Co. Wire and Cable Division, Bridgeport, Conn.). Handle the wire carefully to avoid kinks or cracks in the insulation that might cause breaks and premature failure. Remove a few millimeters of insulation at one end (the electrode end) of each piece and 20 mm at the other end. Do this by heating the ends briefly to red heat over a small flame. Clean the singed ends in 1 N nitric acid for 30 s, then rinse in water. Suspend the wires with their smaller exposed ends immersed in 10% silver nitrate solution while passing a current of 0.5 mA per wire between them and the solution for E-30 min. The wires should be cathodes with respect to an anode of fine silver immersed in the solution. The voltage necessary for plating is between 1 and 2 V. One could use a commercial silver-plating solution (Sifco Metachemical Co., Cleveland, Ohio) instead but, except for producing a less granular deposit, this seems to give rio better results than the silver nitrate solution. The commercial solutions have the disadvantage of being more poisonous (a mixture of silver and alkali cyanides) and potentially explosive. To make electrical contact with the free ends of the wires, both during plating and when using the finished electrodes, pass their bare ends between two turns of a small stainless steel coil spring. The plating is complete when a granular deposit of silver, about 0.4 mm in diameter, covers the exposed end of the wire. Rinse these tips in water and flatten them individually by crushing with a pair of flat-jawed pliers. Remove each crushed tip from the pliers' jaw by prying it loose with a scalpel rather than pulling on the attached wire. The flattened silver plate should be about 0.6 mm wide. Cut it to a length of 1.5 mm with scissors.
Melt a drop of paraffin on a glass slide. When it is cool select two successfully plated wires and arrange them so that they lie parallel to each other with their silver tips side by side on the wax, close but not touching. With another glass slide press them halfway into the paraffin. Cover the two plates with a drop of all-purpose cement (Duco Cement, E. I. duPont de Nemours & Co., Wilmington, Del.) and let dry overnight. Warm the slide gently to melt the wax and plunge slide and electrode into xylene for a few seconds. This should be long enough to remove all paraffin from the silver surface but not long enough to cause the cement backing to warp. Remove the electrode, now free of the glass slide, and rinse away the xylene in absolute alcohol. Trim the cement backing with a pair of fine scissors until it is slightly larger than the electrode surface (see Fig. 1 ). The electrodes may be plated with silver chloride by making them anodes for a minute in 0.1 N HCl, with a cathode of fine silver. This plating reduces the electrode noise somewhat and has the additional advantage of blackening the active surface of the electrode, thus revealing defects due to broken wires or remaining paraffin. Only freshly made electrodes should be plated, however, because if there are any cracks in the enamel insulation the copper will be etched in the process. Twist the two wires of the finished electrode together with a low-speed motor and slight tension. This will help prevent tangling, increase flexibility, and reduce hum pickup from magnetic induction.
Check the electrodes with an ohmmeter to ensure that the two conductors are not shorted together. When the electrode is immersed in physiological saline the impedance of each conductor to ground, measured at 1,000 Hz, should not be more than 500 sl. The electrodes require a high-gain differential input preamplifier, and the band pass should be limited to roughly lOO-3,000 HZ . I had removed the animal's brain and spinal cord. The active motor unit (identified under the dissecting microscope at 25 x) lies at the surface of m. anconaeus near its dorsal margin and is identified in Fig. 2 by heavy striping. The contraction in this unit is an axon reflex due to a motor axon collateral that terminated in another, supernumerary limb. I stimulated this collateral, in the supernumerary limb, with one of the bipolar electrodes, which delivered a 5-V, 0.5 ms pulse at the start of each oscilloscope sweep. A second bipolar electrode recorded MAPS at various points along the active unit, as indicated. The shortest path that the branched fiber could take between the two electrodes was about 25 mm long, which explains the long latencies of the MAPS. Each trace is a superposition of eight MAPS evoked by two bursts of four consecutive stimuli each and shows the variability of response that is characteristic of salamander muscle (5). The variation in latency and amplitude and the reversal of sign of the biphasic MAP with position indicate that the motor end plates of the active fibers lie in a single zone, located approximately at the central electrode position in Fig. 2 (4) . Thus, the electrode, because it is easily moved about, provides a rapid electrical means of identifying an end-plate zone for subsequent intracellular recording or histological examination.
The slow potential seen most prominently in the third and fourth traces from the top of Fig. 2 which explains why the apparent duration of the slow potential is less than that observed intracellularly (5, 6) and why, in several cases, the MAP appears, to arise on the falling phase of the slow potential. A single MAP and, where it is visible at all, a single slow potential appear in each sweep, confirming that the recording is from a single motor unit. This shows well the focal response of the electrode because another motor unit on the opposite side of the anconaeus muscle was responding to the stimulation with a shorter latency. This second unit does not appear in the traces of Fig. 2 because it lies about 2 mm to one side of the electrode.
The electrode stimulates as focally as it records. With low levels of stimulation it was possible to excite a single muscle, or even a single part of a muscle. The MAPS in Fig. 2 , which are 50-100 PV in peak-to-peak amplitude, are typical of those recorded from the surface of a muscle. Units that lie beneath the surface of a muscle gave 5-to 25pV responses, depending on depth, Even the smallest flexors of the digits in the axolotl
